Background: Acetylcholinesterase inhibitors (AChEIs) and memantine are commonly used in the management of dementia. In routine clinical practice, dementia is often monitored via the Mini-Mental State Examination (MMSE). We conducted a systematic review and meta-analysis of the effects of these drugs on MMSE scores. Summary: Eighty trials were identified. Pooled effect estimates were in favour of both AChEIs and memantine at 6 months. Meta-regression indicated that dementia subtype was a moderator of AChEI treatment effect, with the effect of treatment versus control twice as high for patients with Parkinson disease dementia/ dementia with Lewy bodies (2.11 MMSE points at 6 months) as for patients with Alzheimer disease/vascular dementia (0.91 MMSE points at 6 months). Key Messages: AChEIs demonstrate a modest effect versus control on MMSE scores which is moderated by dementia subtype. For memantine the effect is smaller.
Introduction
Dementia is a major health concern in elderly populations worldwide which can affect many aspects of a person's life and functioning. There is currently no cure for most forms of dementia, but several drugs are used in its management. The acetylcholinesterase inhibitors (AChEIs) were developed as a consequence of the cholinergic hypothesis of cognitive decline [1] , and the NMDA receptor agonist memantine as a consequence of a hypothesised role of the glutamatergic system in neurodegeneration [2] . The effectiveness of these treatments has been evaluated in a large number of randomised controlled trials across functional, global, cognitive, and neuropsychiatric domains [3] [4] [5] . This review focuses on their effects on cognition.
Measures of global cognition include the Mini-Mental State Examination (MMSE) [6] , the Alzheimer's Disease Assessment Scale -cognitive subscale (ADAS-cog) [7] , and the Severe Impairment Battery (SIB) [8] , which focuses on those with severe cognitive impairment. Existing meta-analyses tend either to consider cognitive outcomes on the ADAS-cog or SIB [9] or to use standardised mean differences to combine results from several scales [10] . In this review results are analysed relating to the MMSE scale specifically. A small number of existing meta-analyses combine cognitive outcomes on the MMSE; however, these are mainly focused on diagnostic and medication subgroups and do not cover all available trials. The largest of these includes only 21 MMSE effect estimates [11] , less than half of the number included in this review.
The MMSE is the scale most often used to monitor dementia severity and progression in routine clinical practice, and thus the advantage of reviewing outcomes on this scale is better clinical interpretability and relevance to routine care. In addition, the volume of evidence can be substantially increased by the inclusion of ADAS-cog results translated into MMSE scale equivalents.
Methods
A protocol for this systematic review was prospectively registered on PROSPERO and can be found at https://www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD42015025892.
Search Strategy
A two-tier search strategy was employed to identify relevant trials for inclusion in this review. First, existing systematic reviews and meta-analyses assessing the drugs of interest were identified, and citations to included trials extracted. Following this, additional searches subdivided by dementia diagnosis and, where necessary, the drug received were conducted to identify trials published since the date of the most recent review.
Searches were conducted using the Web of Science, MEDLINE, PsycINFO, EMBASE, and CINAHL databases. Final searches were conducted in March 2017. The searches were combinations of: (1) drug names (e.g., "donepezil," "galantamine," "rivastigmine," and "memantine"); (2) diagnoses (e.g., "Alzheimer*," "vascular dement*," "lewy* bod*," and "Parkinson* disease dement*"); and (3) "randomi?ed" and "trial." A full list of the search terms used is provided in the online supplementary material (for all online suppl. material, see www. karger.com/doi/10.1159/000486546). Further searches were carried out using the International Clinical Trials Registry Platform (ICTRP) and industry trial registers to identify unpublished trials. References of the selected trials and articles which cited them were assessed to identify further trials for inclusion.
Study Selection Criteria and Data Extracted
Trials were included if they met the following criteria: (1) a randomised trial designed to evaluate the effectiveness of AChEI monotherapy, memantine monotherapy, or memantine treatment in a group of patients some, but not all, of whom received a concurrent AChEI; (2) treatments compared to a control group receiving placebo or no treatment; (3) participants in the trial diagnosed with Alzheimer disease (AD), title and abstract screening, and full-text screening, 84 references on 74 trials met the inclusion criteria. Searches in the ICTRP and industry registers and citation tracking identified a further 6 trials for inclusion. In total, 80 trials met the inclusion criteria. The process of identifying these is detailed in Figure 1 . Excluded if:
• not in English (n = 7)
• not an RCT (n = 569)
• not AChEI/memantine (n = 136)
• not placebo controlled (n = 75)
• not dementia (n = 54)
• not MMSE or ADAS-cog (n = 38)
Excluded if:
• only summary in English (n = 2)
• not an RCT (n = 12)
• memantine trial where all get AChEI (n = 3)
• not placebo controlled (n = 7)
• not MMSE or ADAS-cog (n = 12)
• not dementia (n = 1)
• crossover trial which does not report first period (n = 2) • conference proceedings where other data available (n = 15) • full text not available (n = 4) • insufficient data (n = 14)
Records after duplicates removed (n = 522)
Records after screening for relevance (n = 52)
Records identified for potential inclusion (n = 194, trials = 123)
Records identified overall (n = 1,051)
Records after duplicates removed (n = 1,035)
Titles and abstracts screened (n = 156)
Full text assessed for eligibility (n = 84, trials = 74)
Included in review (n = 88, trials = 80) Fig. 1 . Flow diagram of the trials identified for inclusion in this review via a two-tier search strategy. RCT, randomised controlled trial; AChEI, acetylcholinesterase inhibitor.
Characteristics of the Included Studies
Of the included trials, summarised in Table 1 , half (n = 40) investigated donepezil and the others were evenly split amongst galantamine (n = 13), rivastigmine (n = 14), and memantine (n = 13). The majority of the trials (n = 55) were conducted on patients with AD. Other diagnoses were VaD (n = 9), AD and VaD (n = 4), PDD or DLB (n = 10), and FTD (n = 2). The dementia severity ranged from mild in some trials to severe in others. The trials lasted between 4 and 104 weeks, and many of them recorded outcome measures at intermediate time points. Forty-eight trials provided MMSE and 24 ADAS-cog outcomes, and the remainder reported a mixture of the two.
The average baseline age in the AChEI trials was 73.8 years, and in the memantine trials it was 75.9 years. The proportion of women was slightly more than half in the AChEI trials (mean 57.5%; range 7.1-84.6) and the memantine trials (mean 56.3%; range 25-73.8) . The mean baseline MMSE score was higher in the AChEI trials (18.6 points) than in the memantine trials (16.5 points).
Risk of Bias Assessment
The Cochrane risk of bias tool was applied to each trial, and the final column of Table 1 records the overall ratings. Risk of bias was low in 14 trials, high in 45 trials, and unclear in 21 trials. The large number of trials rated at high risk of bias was mainly due to missing data methods combined with relatively high volumes of missing data. The majority of the trials used observed case or last observation carried forward analyses, both of which introduce a significant risk of bias in the presence of missing data.
Meta-Analysis Results
AChEIs: 3 Months At 3 months (±14 days) after treatment initiation, 42 trials provided 60 estimates of treatment effect. The pooled effect estimate (Fig. 2 ) was 1.08 MMSE points (95% CI 0.92-1.23). There was evidence of heterogeneity (I 2 = 68.2%) and this was later explored via metaregression. The Begg and Mazumdar rank test suggested some publication bias (p = 0.01) and the funnel plot supported this (Fig. 3) ; however, the patterns did not seem overly concerning. In the drug subgroups, the treatment effects ranged from 0.98 (95% CI 0.32-1.63) for rivastigmine to 1.15 (95% CI 0.69-1.61) for donepezil 3-5 mg/day. AChEIs: 6 Months At 6 months (±14 days) after treatment initiation, 38 trials provided 52 estimates of treatment effect. The pooled effect estimate was 1.00 (95% CI 0.83-1.16; Fig. 4 ) and there was evidence of heterogeneity (I 2 = 69.9%). Neither the funnel plot nor the rank correlation test (p = 0.385) suggested publication bias. The effect estimates in the treatment subgroups ranged from 0.69 (95% CI 0.43-0.95) for rivastigmine to 1.39 (95% CI 0.79-2.00) for galantamine.
AChEIs: 12 Months At 12 months (±14 days) after treatment initiation, 4 trials provided estimates of treatment effect. The pooled effect estimate was 1.10 (95% CI 0.48-1.72; Fig. 5 ). There was evidence of heterogeneity (I 2 = 79%); however, the funnel plot did not suggest any obvious publication bias and there were too few estimates for a formal test.
Memantine: 3, 6, and 12 Months Treatment effect estimates were provided by 12 memantine trials: by 4 trials at 3 months, by 8 trials at 6 months, and by 3 trials at 12 months after treatment initiation. The pooled effect estimates at each time point were in favour of treatment, though they were much smaller than those for the AChEIs (Fig. 6) . At 12 months, the pooled effect did not reach significance (0.41, 95% CI -0.44 to 1.26). At all 3 time points, the I 2 values were small, suggesting little heterogeneity.
Meta-Regressions
The high I 2 values observed for the AChEI meta-analyses at 3 and 6 months suggested considerable variability in the effect estimates; this was investigated further via metaregression. Factors investigated were data quality measures and potential moderators, as listed in the Methods section. Tables 2 and 3 provide the meta-regression coefficients, the associated p values, and the p value for the omnibus test of parameters at 3 and 6 months, respectively. For categorical factors, coefficients are the difference in average effect estimates for each category versus the reference category; for continuous factors, they are the relation between the factor and the effect estimate. Factors for which the omnibus test of parameters was significant at the 5 and 1% levels are highlighted. A true moderator of treatment effect would be expected to last over time; thus, only factors significant at both 3 and 6 months were considered. Dementia subtype diagnosis was the only factor significant at both 3 months (p = 0.009) and 6 months (p = 0.007). Examination of the diagnostic subgroup results suggested that the effects in the AD and VaD subgroups were the same but those in the PDD/DLB subgroup were different.
Meta-Analyses of the Diagnostic Subgroups
At 3 months, the pooled effect estimate was 0.97 MMSE points (95% CI 0.85-1.10) in the AD/VaD subgroup and 1.99 MMSE points (1.18-2.81) in the PDD/DLB subgroup. At 6 months, the effect was 0.91 MMSE points (0.77-1.05) in the AD/VaD subgroup and 2.11 MMSE points (0. 61-3.61) in the PDD/DLB subgroup. All 4 trials providing an effect estimate at 12 months were in the AD/VaD subgroup. The memantine trials provided too few estimates for meta-regression to be conducted; however, at both 6 and 12 months, the effects in the PDD/DLB subgroup were significantly higher (1.90 points at 6 months and 1.80 points at 12 months) than those in the AD/VaD subgroup (0.36 points at 6 months and 0.31 points at 12 months). 
Discussion
This review identified 80 trials evaluating the effects of donepezil, galantamine, rivastigmine, and memantine on cognitive function in dementia, more than in any previous review. Cognitive effects were extracted on the MMSE score, the outcome of interest, or the ADAS-cog score. Baseline measures from 36 trials which measured both were used to permit the translation of ADAS-cog results into MMSE scores. This allowed the inclusion of 24 additional trials and results at additional time points from a further 8 trials. The large number of studies included in this review is one of its strengths, and this number is increased through the translation of ADAS-cog results. The translation relationship has good R 2 ; however, this relationship has not been used elsewhere and should therefore be treated as preliminary and requiring confirmation.
Meta-regressions of the AChEI results at 3 and 6 months identified one moderator of treatment effect: dementia subtype diagnosis. Treatment effects were smaller for those patients diagnosed with AD or VaD (0.97 MMSE points at 3 months and 0.91 points at 6 months) than for those diagnosed with PDD or DLB (1.99 MMSE points at 3 months and 2.11 points at 6 months). All reported effects at 12 months were for AD or VaD patients, and these indicated an effect similar to those at 3 and 6 months (1.10 points). The higher response seen in the PDD/DLB group is consistent with previous results [19] and may be due to the greater cholinergic deficit seen in these conditions [20] . The effects observed in the AD/VaD subgroup are somewhat smaller than those reported in a previous review of AChEIs for AD only [5] . This may be due to the inclusion of VaD results, which evidence suggests may give rise to more mixed findings on AChEI effects [21, 22] ; however, meta-regression indicated no significant differences between AD and VaD subgroups. Whilst these drugs are only licensed for use in AD or PDD, there is evidence that they are widely used for patients with DLB and VaD in routine clinical practice [23] , and thus the inclusion of these trial results was felt to be appropriate.
The number of trials providing estimates of memantine treatment effects was much smaller, and it was not possible to conduct meta-regression analyses; however, results were calculated for the previously identified subgroups. In the AD/VaD subgroup, the effects were small and in favour of treatment (0.65 MMSE points at 3 months, 0.36 points at 6 months, and 0.31 points at 12 months). Again, the effects in the PDD/DLB subgroup were greater (1.90 MMSE points at 6 months and 1.80 points at 12 months). Few of these effects were significantly different from zero.
Through the results of this review, we sought to increase clinical interpretability and relevance to routine care, since they are estimated regarding the MMSE, the scale most often used to monitor dementia in clinical practice. Estimation of effects on MMSE scores also potentially allows results to be compared, contrasted, and in future combined with observational findings from routine clinical practice. The AChEI results suggest a treatment effect of around 1 MMSE point at 3, 6, and 12 months after treatment initiation. Since studies have suggested that the annual rate of decline in MMSE score amongst dementia patients is 4-5 MMSE points [24] , such an effect estimate is modest, equivalent to an approximately 3-month delay in cognitive decline. However, while the effect sizes are small, they could have a significant impact in terms of costs and hospital or nursing home admissions, which have both been shown to be linked to the level of cognitive function as measured by the MMSE [25] . In addition, the length of time that these benefits continue may be of interest [23] .
Use of the MMSE makes the results of this review more clinically applicable; however, there are several limitations to this scale. It suffers from both floor and ceiling effects [26] , though these should not be of particular concern for the trials included in this study. In addition, it is particularly suitable for measuring the cognitive deficits observed in AD and
